Abstract: The cracking of pentenes has been investigated at 773 and 873 K in modified MFI zeolite to produce ethylene and propylene. The activation energy showed a significant reduction for this investigation. Additionally, it has been evidenced the important role of the diffusion phenomenon and catalyst technical aspect on the processing of pentenes to produce ethylene and propylene proposing a mathematical model for the design of catalytic reactor achieving a 15% reduction in the volume of the reactor compare to obtained volume with the conventional design. This investigation opens the opportunity to explore new designs of catalysts taking in count intrinsic reactivity, diffusion transport and physics parameters of catalyst which play an important role in the reaction kinetic and reactor design in order to obtain a reduction in the reactor volume more than 15%, 20% on saving construction cost and supplied energy to process.
Introduction
Light olefins are commonly manufactured by steam pyrolysis of hydrocarbons such as ethane, propane or naphtha. The production of light olefins from light naphtha using a pyrolysis process has been studied and developed in the literature and industry [1] , supporting its kinetic and thermodynamic parameters which are all well understood [2] [3] . Belohlav et al.
[4] compared four types of reactors, taking in count their individual conversions in the radiation, adiabatic and cooling areas, finding a better conversion for the design "long single-row coil" versus the "split coils and riser"; with the latter, they were achieved lower yields operating at short residence time (0.1 s) and high temperatures (> 1073 K) which involves a high consumption of energy. In order to optimize the process to manufacture products such as ethylene and propylene, it is important to study the process carrying out it at lower temperatures in a heterogeneous medium using a porous solid with the intention of obtain a greater selectivity and conversion into the desired products and a lower supplied energy in the process. In 1999, Redondo et al. [5] report a theoretical study of pentene cracking on zeolites showed the possibility of using the flow of C5 from a refinery to manufacture products of petrochemicals interest, such as propylene and ethylene. These products could feed the petrochemical industry to produce thermoplastic polymers such as polypropylene and polyethylene, long-chain polymers which are softer when heated and, therefore, can be molded under pressure; they represent the 80% of the total consumption of polymers worldwide. In its report, , develop a technology for processing a C5 stream and produce ethylene and propylene, separately, assuming a C2/C3 ratio of 2 and a conversion that could go up to 80% for cracking of the C5 olefins using a commercial additive in the reactor of a FCC unit with the rest of the multi-component mixture in its feed. However, as reported Bortnovsky et al. [7] and Sedran and de la Puente [8] , the conversion achieved was just 15%, obtaining only propylene; it had the disadvantage of generating cracked gas that could impact the operation of the compression system in the unit and decrease the propylene mixed into the C3 stream available to the alkylation unit The knowledge of the diffusion coefficients of the molecules of reactants and products within the structure of a heterogeneous catalyst is of up most importance to understand their kinetic behaviour, to propose new designs of catalysts, to optimise the operating conditions and to improve the design of catalytic reactors [9] . Redondo et al. [5] , trough theoretical studies raised the possibility of generating two smaller species of hydrocarbons (ethylene and propylene) through an intermediate "carbenium ion" formed when the hydrocarbon is adsorbed on zeolites. In correspondence Rodriguez et al. [10] [16] related to study the beta scission reactions in alkyl radicals concurred on the considerations mechanistic such as the transition states are via carbenium ion, the start and end state are represented for alkoxy species with covalent bond between carbon atom from hydrocarbon and zeolite oxygen. It is noted the studies that they have done widely about the activation energy calculations using density functional theory protocols and others related methods. According to Kärger and Vasenkov [17] , the chemical conversion has an intimate relationship with the diffusion process in heterogeneous catalysis, which occurs because the performance of the catalyst depends on the rate of conversion within the catalyst (intrinsic reactivity) and the molecular exchange rates between the particle and its environment. The smallest of these velocities dominates the overall process; this means that the total conversion cannot proceed faster than the velocity allowed by the transport of the molecules involved.
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Traditionally, the design of catalytic reactors, from the process point of view, has been carried out using the estimated volume of catalyst with previous knowledge of feed rate, feed composition, conversion and reaction rate from experimental data. In others words, the catalyst technical information has been ignored predominating the operational technical information of the process. On the basis of these antecedents, in the present work we studied the cracking of pentenes at different temperatures supported on a porous solid to produce ethylene and propylene and propose a mathematical model for the optimize design of a catalytic reactor taking into consideration the phenomenon of diffusion in the chemical conversion of these compounds
Experimental
2.1 Catalyst synthesis and characterization A zeolite of type MFI has been modified using the ionic exchanged method, under patent number US 5254327 A, treated with an ammonium sulfate solution 1M ((NH4)2SO4) blending for two hour and reflux system. After, the zeolite was filtered and washed. The sample was dried at 393 K for 12 hours and burned for 5 hours at 973 K.
The modified zeolite showed a specific area of 383 m 2 /g reported by BET method, a molar relation Si/Al 37 by ray X fluorescence analysis and <0.5 % w/w in Na concentration determined by ICP.
Catalytic process
The catalytic cracking process was carried out at laboratory scale. The reactor was constructed of stainless steel with a capacity of 25cc. The operation data was the following: reactions temperatures 773 and 873 K, feed rate 1 cc/min, water rate 0.5 cc/min, space rate 4 h -1 , run time 6 h and catalyst load 15 cc. For a well known of the experimental setup, the process has been divided into three zones: i) zone 1 (Feed): it consists of two (2) glass tanks to store desmineralized water fitted to a connection with inert gas (nitrogen); ii) zone 2 (Reaction): the reactor operates isothermally with an infrared oven and has two wall thermocouples for temperature control; iii) zone 3 (Separation of reactor effluents and receiving liquid product): in the outlet of the reactor system there is a heat exchanger whose cooling stream comes from a cryostat using a mixture of 50% water and 50% ethylene glycol as refrigerant; the cooled reaction product enters in a gas-liquid separator which separates the cracked stream. gas goes to a trap of gases where is collected for a gas chromatograph analysis, finally, the liquid product from the separator is collected in tanks in order to perform a mass balance.
Results and discussion

Kinetic analysis
The experimental data of the catalytic cracking process runs performed at 773 and 873K are shown in Tables I and II. 
PENTENES
The behavior of the reaction velocity for ethylene and propylene at 773 and 873 K are shown in Figures 1 and 2 , in which can be observed a lineal regression related to concentration of the products. This allows inferring an equation of first order for the reaction kinetics which is consistent with the discussion in the work of Kunzru and Pant, [1], Sedran and de la Puente, [8] . The negligence effect of temperature on the products yield could evidence the role of the diffusion process over reaction rate and its importance for the catalytic process. This phenomenon could be attributed to the conjunction of catalyst with thermal condition in the process which allows keeping the same reaction rate of the products in the studied 
Estimated activation energy
This paper is not addressed to determine the activation energy in each elementary stage of the reaction. Therefore, the focus is showed from the engineer point of view, doing a rough calculation of activation energy based in the Arrhenius correlation at thermal levels for overall reaction. The reaction rates were determined using experimental data where is assumption the combination of reaction rates for the elementary stages with its energy levels. The obtained value for activation energy was 1.7 kJ.mol -1 . A comparison between the experimental value in this study and the ones reported in the literature on similar processes are shown in Table III ; it can be observed a significant reduction in the activation energy. The reduction to one order of magnitude should be the aspect most important that the obtained value. When the activation energies showed in the table III are compared between them, taking in count theirs feeds, catalytic support and calculations methods is noted differences in the energy barriers found by each study, as such has been reported by Redondo [5] . Each method for calculate the activation energy has particulars and limitations, which present an opportunity of interest to organic chemists interested in catalysis at the molecular level, and to surface scientists interested in the nature of physisorbed and chemisorbed states on surfaces in the view of overall chemical process for the engineering area. The estimated energetic level is consistent with the expected in the research reported by Chen in 2014 [12] , and the magnitude is near with the reported by Sedran and de la Puente [8] and Xiao [19] , where can be observed a very small activation energy values for channel size below of 6 Å. For this study it had a molecular diameter of 5 Å (assumed for the pentene), and the channel diameter of the pore in the zeolite was 5.8 Å [19 20, 21] . In this order, the regime for the molecular diffusion in the zeolite pore was called "Configurational" as coined by Weisz in 1973 [22] with which it has associated the "Configurational Activation Energy" attributed to the interactions between the hydrocarbon molecule and the oxygen atoms of the lattice [19] . It is noted that the feed in this study contained compounds C5 -in this regard the Knudsen regime also was present influencing the decrease of the activation energy in the process. In others words, it is possible to carry out the cracking of pentenes with a lower supply of energy to the process which translates into a International Journal of Engineering Research ISSN:2319-6890)(online), 2347-5013(print) Volume No.4, Issue No.12, pp : 652-656 01 Dec. 2015
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Page 655 decrease on the operative costs and higher revenues. Recent Reported work by Shinjiro Fujiyama et al. [23] has shown adsorption of branched hydrocarbon structures on MFI zeolite in the intersection of the zeolite channels, reforcing the theory on beta scission in C-C bond which is most attractive to the zeolite Brönsted protons where the initiation energy is enough for the overall reaction overlapping the energy barriers of the elemental reactions in according to Ken C. Hunter and Allan L. L. East [16] and Joseph A. Swisher et al. [24] . The evidence of no single-file diffusion behavior in the onedimensional employed MFI zeolites could be the reason of the low activation barriers for the molecular motion causing the molecules not to move in a "hopping-like" motion, as such it has been reported by Schuring [25] where these effects are stronger in the medium-pore zeolites.
Contributions on catalytic reactors design
The catalytic reactors design has been governed by the knowledge of process information ignoring the technical information of the catalyst. This could be called the "conventional design of catalytic reactors by way of surface chemical". Now, it could be possible to optimise the design of the catalytic reactor applying the knowledge of the catalyst, for catalytic cracking, which would allow to explore new designs of catalysts resulting in reduction of costs for the construction and operation of the catalytic reactor, and better utilization of physical space in a refinery. This proposal could be called "novel design of catalytic reactors by way of porous chemical". The conventional design to calculate the tubular reactor volume is based in the following equation:
Where reaction rate is -, F o is the feed rate and X is the fraction of the species of interest after conversion. The proposed design of the tubular reactor will be based in the equation following:
Where S is the total catalyst surface,  is effectiveness factor, L is the effective length travelled by the species within the pore, D is the diffusion coefficient and c is the concentration of the test species.
Thus, the total catalyst surface is estimated, and knowing the surface area and the density of the catalyst, it is possible to obtain the catalyst volume which is roughly reactor volume.
The equation 2 rises from the fundamental assumption of the important role played by the diffusion process for the cracking pentenes combining the mathematical expressions of the kinetic rate, and the diffusion transport rate governed by Fick's first law [26] . From this perspective, it was determined the Thiele Modulus and effectiveness factor to estimate the influence of the diffusion phenomenon on the catalytic cracking of pentenes in modified MFI zeolite using the protocol described in Weisz P. and Hicks [27] and J.F. Marshall and P. Weisz [28] . The found Thiele modulus was < 0.4 and effectiveness factor equal to 1. This allows to infer a negligence influence of pore diffusion resistant in the studied kinetic regime under the process condition. These results are in agreement with the reported by Konno et al. [29] and Xiao [19] . The diffusion constant, Handling the equation 1 with the data from Table IV was possible to estimate the catalyst volume obtaining a value of 15 cc coinciding with the real one. In same manner, it was handling the equation 2 obtaining a value of 13 cc, evidencing a reduction of 15% in the catalyst volume when difusional phenomena are considered. In industrial level, this could be more than 15% in the reactor volume and over 20% on saving in construction cost. These results open the opportunity to explore new designs of catalysts where intrinsic reactivity, diffusion transport and physics parameters of catalyst play an important role in the reaction kinetic and reactor design which could allow a reduction in the reactor volume and supplied energy to process.
Conclusions
The activation energy of the catalytic cracking of the pentenes was calculated obtaining a significantly reduction in comparison to reported in the literature. It was proposed a mathematical model for the design of tubular reactors S = (LX F o )/(Dc) where the phenomenon of diffusion is considered important as such the catalyst technical data obtaining a significant reduction in the estimated volume of reactor.
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